Sialic acid storage disease (Salla disease) is an autosomal recessive disorder caused by mutations in a lysosomal sialic acid export protein, SLC17A5 (OMIM #604369). This disorder was initially described in Northern Finland but more recently has been reported in patients of other ethnicities. We describe the clinical presentation and the neuroimaging findings of two non-Finnish children where a diagnosis of Salla disease was suspected on the basis of brain magnetic resonance imaging. The biochemical confirmation of this diagnosis posed a challenge as both patients had elevated percent free urine sialic acid but biochemical analyses in fibroblasts were not conclusive; therefore, molecular testing was necessary for confirmation of the diagnosis. The described encounters demonstrate the importance of pursuing confirmatory molecular diagnostic testing when a sialic acid storage disorder is suspected.
BACKGROUND
Free sialic acid storage disease (Salla disease) is an autosomal recessive disease caused by mutations in a lysosomal sialic acid export protein, SLC17A5 (OMIM #604369) which leads to lysosomal accumulation of free sialic acid [1] . Common features of this disease include developmental delay, ataxia, subtle coarse facial features and brain magnetic resonance imaging (MRI) findings of hypomyelination and hypoplastic corpus callosum [2] . Biochemical findings of a defect in the sialic acid export protein include elevated total and free sialic acid in urine and fibroblasts [3, 4] . The mild to moderate form of this condition was initially described in Northern Finland with the eponym "Salla" referring to the geographically restricted area where the first family resided [4] . Since that time, free sialic acid storage disease has been reported in patients of other ethnicities and infantile free sialic acid storage disease (ISSD) (OMIM# 269920) has been described to be allelic to Salla, with ISSD being associated with an infantile onset progressive disease and extremely elevated total and free sialic acid levels [1, 3, 5, 6] . We describe the clinical presentation, neuroimaging and the challenges in confirming this diagnosis in two children of non-Finnish ancestry.
MATERIALS AND PATIENTS

Methods
Urine Sialic Acid Measurements: Determinations of urine total and free sialic acid levels were conducted using a spectrophometric method as described [7, 8] and compared to age-matched controls [9] .
Sialic Acid Studies in Fibroblasts: A pellet of cultured skin fibroblasts was sonicated in distilled water and the protein concentration was determined. The total sialic acid content were determined after heating an aliquot containing between 100 and 150 μg protein at 80˚C in 0.1 N sulfuric acid for 1 hour. The same size aliquot in distilled water and not heated was used to determine the free sialic acid content. The method of Aminoff was then followed to measure the sialic acid content [10] . After reading the absorbance at both 549 and 532 nm, the sialic acid content per mg protein was calculated.
This case series has been reviewed by the University of Manitoba Research Ethics Board to ensure that patient identity is protected and consent processes were adhered to.
Patients
Patient 1 presented at age twenty-two months with a history of global developmental delay. The family history was unremarkable for neurodegenerative disease and there was no history of consanguinity. The family was of Irish, English, Ukrainian and Dutch descent (non-Finnish). The pregnancy history was unremarkable with no history of exposure to known teratogens. The perinatal and neonatal histories were unremarkable. His birth weight was 3.486 kg (75th percentile). His Apgar scores were 5 and 8 at 1 and 5 minutes respectively. His examination at twenty-two months of age was remarkable for subtle coarse facial features, a depressed nasal bridge, a high arched palate and a high forehead. His weight was 12.8 kg (50th -75th percentile), height was 84.5 cm (25th -50th percentile) and OFC was 50.5 cm (90th -97th percenttile). Hepatomegaly was noted with a palpable liver edge 3 cm below the right costal margin in the midclavicular line. His neurologic examination revealed normal visual behaviour and extraocular movements and generalized hypotonia (central and peripheral) with normal muscle strength. His deep tendon reflexes were normal and symmetric in the upper limbs and slightly increased in the lower limbs. Ataxia was noted in the lower but not the upper limbs. A formal developmental assessment using the Yale Developmental Schedules at twentyseven months of age revealed a developmental quotient of 65%. The child's ophthalmologic and echocardiographic assessments were unrevealing. An electroencephalogram revealed left-sided slowing in background activity and right-sided epileptiform discharges; however there was no history of clinical seizures. Brain MRI at age twenty-one months showed abnormalities suggestive of Salla disease (Figure 1) .
Patient 2 presented at age thirty-one months with a history of ataxia and developmental delay. The pregnancy, perinatal, neonatal and family histories were unremarkable. No consanguinity was reported and the family was not of Finnish ancestry. The child's examination at thirty-one months of age was remarkable for subtle coarse facial features and significant ataxia. The weight was 14 kg (75th percentile), height was 93.5 cm (50th percentile) and OFC was 48.8 cm (75th -90th percentile). Cranial nerve examination was remarkable for excessive drooling with an intact gag response. Muscle strength and tone were normal. The child had prominent truncal and limb ataxia affecting all four extremities and walked only with support with a broad-based gait. The child had a bilateral pincer grasp but had difficulty with fine finger movements and finger-to-nose testing. Deep tendon reflexes were normal and symmetric with down-going plantar responses. A formal developmental assessment using the Yale Developmental Schedules at thirty-one months of age revealed a developmental quotient of 65%. Follow-up assessment using the Revised Gesell Developmental Schedules at sixty-nine months of age (five years) suggested a gross motor developmental quotient of 26%, a fine motor developmental quotient of 50% and a language developmental quotient of 35%. An electroencephalogram revealed localized epileptiform abnormalities. Brain MRI at age forty months also showed abnormalities suggestive of Salla disease (Figure 2) .
RESULTS
A summary of the results of the laboratory investigations undertaken in both patients to investigate the possibility of Salla disease in provided in Table 1 .
In patient 1, urine total and free sialic acid were elevated above age-matched control values on two occasions, with the percent free urine sialic acid and skin electron microscopy being suggestive of a free sialic acid storage disorder (data not shown). Fibroblast assay revealed elevations of free sialic acid in the diagnostic range, however total sialic acid values were only mildly elevated as compared to controls. Molecular analysis of the SLC17A5 gene revealed compound heterozygosity OPEN ACCESS Figure 2 . Coronal T2-weighted MRI in patient 2 at age forty months showing marked volume loss and increased T2 signal intensity of the cerebral hemispheric white matter (horizontal arrow) and corpus callosum (oblique arrow), reflecting a lack of myelin. The cortical gray matter and deep gray matter were preserved. There was no evidence of volume loss or signal abnormality in the posterior limbs of the internal capsule, cerebellum, and brainstem (not shown).
for the common Finnish mutation, 115C > T (R39C), and another mutation, 250delC, previously described in a French patient [11] confirming the diagnosis of Salla disease. In patient 2, four independent urine samples revealed borderline elevations of free and total sialic acid. Urine percent free sialic acid was mildly elevated compared to age-matched control values, but not in the diagnostic range for Salla disease. Skin electron microscopy was consistent with a free sialic acid storage disorder (data not shown). Fibroblast assay showed normal total and free sialic acid. Molecular analysis of the SLC17A5 gene revealed homozygosity for the common Finnish mutation, 115C > T (R39C), confirming a diagnosis of Salla disease.
DISCUSSION
The clinical phenotype of both patients is consistent with Salla disease, rather than infantile free sialic acid storage disease (ISSD) given that symptoms developed during the first year of life and that both patients continued to make developmental progress, albeit slowly, without any evidence of developmental regression [5] . The elevated total but not free sialic acid in fibroblast culture in patient one and the normal total and free sialic acid in fibroblast culture for patient two posed a diagnostic challenge. The more severe ISSD is associated with extremely high total and free sialic acid levels in cultured fibroblasts, leukocytes and urine as compared to the milder Salla disease [3] . To our knowledge, there are no published reports of individuals with phenotypic Salla disease with normal fibroblast free sialic acid, even among the Finnish population where the condition was originally described. A pair of siblings with a Salla phenotype and homozygosity for a different mutation, K136E, also had non-diagnostic biochemical findings, with normal urine free sialic acid (percent free sialic acid not reported), elevated sialic acid in cerebrospinal fluid and mildly elevated free sialic acid in fibroblasts [12] . Normal leukocyte total and free sialic acid levels in mildly affected children of Mennonite descent, who are homozygous for the R39C Finnish mutation, like patient 2, have been noted. In the urine of these patients, the total sialic acid content was noted to be normal, however the percent free was elevated above normal (greater than 80% free versus less than 60% in non-Salla individuals) (Wenger, personal communication 2012). Our patient two was comparable, with mildly elevated urine free sialic acid, however, 63% free sialic acid is not considered to be in the diagnostic range.
Molecular diagnostic testing was required for confirmation of the diagnosis in both our patients as well as those noted by Wenger (personal communication 2012) and reported by Mochel [12] . Patient 2 was homozygous for the Finnish mutation associated with the Salla disease phenotype. It is interesting to note that neither of our patients is of Finnish ancestry but the R39C mutation is present in both. Salla disease due to the originally described R39C mutation appears to be pan-ethnic; homozygosity for this mutation has been reported in individuals of other ethnicities, including those of Old Order Mennonite extraction [1] .
Our report demonstrates the importance not only by considering the diagnosis of Salla disease in children with subtle coarse facial features, developmental delay and hypomyelination on brain MRI who are not of Finnish ancestry, but also of the importance of pursuing molecular testing for Salla disease for confirmation of the diagnosis in the face of non-diagnostic biochemical analyses.
